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@ Influenza vaccine and novel adjuvants. 

(g) An influenza immunizing dosage form comprising a 
liposome and an antigen of Influenza, particularly the hemagglu- 
tinin or bromelain fragment, wherein said liposome and antigen 
are present in an immunization dose. Additionally, a dosage 
form, including such form particularly adapted to producing an 
immune response, comprising a salt form of an organic acid 
derivative of a sterol and an antigen wherein said organic acid 
derivative of a sterol and antigen are present in an immunization 
dose, and method of use. Further, a dosage form, including 

t— such form particularly adapted to producing an immune 
response, comprising dtmyristolyphosphatidylcholine 
{DMPC)/cholesterol liposomes, optionally in an aluminum 

O") hydroxide gel, and an antigen wherein said DMPC/cholesterol 

CO and antigen are present in an immunization dose, and method 

CO of use. 
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Description 

INFLUENZA VACCINE AND NOVEL ADJUVANTS 

5 Field of the Invention 

This invention in the vaccine arts is concerned with an influenza immunizing dosage form comprising a 
liposome and an antigen of Influenza, particularly the hemagglutinin or bromelain fragment, wherein said 
liposome and antigen are present in an immunization dose. Additionally, a dosage form, including such form 

W particularly adapted to producing an immune response, comprising a salt form of an organic acid denvative of 
a sterol and an antigen wherein said organic acid derivative of a sterol and antigen are present in an 
immunization dose, and method of use. Further, a dosage form, including such form particularly adapted to 
producing an immune response, comprising dimyristolyphosphatidyicholine (DMPC)/cholesterol liposomes, 
optionally in an aluminum hydroxide gel, and an antigen wherein said DMPC/cholesterot and antigen are 

15 present in an immunization dose, and method of use. 

Background of the Invention 

20 In the vaccine art antigens are introduced into an organism in a manner so as to stimulate an immune 
response in the host organism. The induction of an immune response depends on many factors among which 
are believed to include the chemical composition and configuration of the antigen, the immunogenic 
constitution of the challenged organism, and the manner and period of administration of the antigen An 
immune response has many facets some of which are exhibited by the cells of the immune system. 

25 (e g.,B-lymphocvtes, T-lymphocytes, macrophages, and plasma ceils). Immune system cells may participate in 
the immune response through interaction with antigen, interaction with other cells of the immune system, the 
release of cytokines and reactivity to those cytokines. Immune response is conveniently {but arbitrarily) 
divided into two main categories - humoral and cell-mediated. The humoral component of the immune 
response includes production of immunoglobulins specific for the antigen. The cell-mediated component 

30 includes the generation of delayed-type hypersensitivity and cytotoxic effector cells against the antigen. 

in some instances immune response is the result of an initial or priming dose of an antigen that .s Tollowed 
by one or more booster exposures to the antigen. Priming with relatively strong immunogens and liposomes is 
discussed in "Liposomal Enhancement of the Immunogenic^ of Adenovirus Type 5 Hexon and Fiber 
Vaccines', Kramp, W.J. et al., Infection and Immunity , 25:771-773 (1979) and 'Liposomes as Adjuvants with 

35 Immunopurified Tetanus Toxoid: the Immune Response", Davis, D. et al., Immunology Letters, 14:341-3 
( 1986/1 987} 

Ideally an antigen will exhibit two properties, the capacity to stimulate the formation of the corresponding 
antibodies and the propensity to react specifically with these antibodies. Immunogens bear one or more 
epitopes which are the smallest part of an antigen recognizable by the combining site of an antibody or 

40 immunogloublin. .... ., 

In oarticular instances antigens or fractions of antigens or with particular presenting conditions the immune 
response- precipitated by the desired antigen is inadequate or nonexistent and insufficient immunity is 
produced. This is particularly the case with peptide or other small molecules used as immunogens. 
in such cases the vaccine art recognizes the use of substances called adjuvants to potentiate an immune 
45 response when used in conjunction with an antigen. Adjuvants are further used to elicit immune response 
sooner or a greater response, or with less antigen or to increase production of certain antibody subclasses 
that afford immunologicaJ protection, or to enhance components of the immune response (e.g., humoral, 

° e Welfknown adjuvants are Freund's Adjuvants (and other oil emulsions), Bortedella Pertussis, aluminum 
50 salts (and other metaJ salts), Mycobacterial products (including muramyl dipeptides), and liposomes As t used 
herein the term "adjuvant" will be understood to mean a substance or material administered together or in 
conjunction with an antigen which increases the immune response to that antigen. Adjuvants may -be ,n .a 
number of forms including emulsion (e.g.. Freund's adjuvant) gets (aluminum hydroxide gel) and parucles 
(lioosomes) or as a solid materia]. Liposomal vaccines and adjuvancy are further discussed in U.S. Patent 
55 Application Ser. No. [Docket TLC-172] to Popescu filed on date even herewith the teachings of which are 
incoroorated herein by reference. „*rri«r 
It is believed that adjuvant activity can be effected by a number of factors. Among such factors are (a) carrier 
effect, (b) depot formation, (c) altered lymphocyte recirculation, (d) stimulation of T-lymphocytes, (8) aireci 
stimulation of B-lymphocytes and (f) stimulation of macrophages. „„ nil i« ma 
60 With many adjuvants adverse reactions are seen. In some instances adverse reactions include granu oma 
formation at the site of injection, severe inflammation at the site cf injection, pyrogen.c.ty. adjuva nt educed 
arthritis or other autoimmune response, or oncogenic response. Such reactions have nampered the use or 
adjuvants such as Freund's adjuvant. 
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in particular embodiments adjuvants are comprised cf liposomes. U.3. Patent No 4.053,535 issued October 
17 1<V7 to Allison et a!, scates that liposomes of a particular charge are adjuvants. Oav;s. D, et al., Liposomes 
as Adjuvants with Immunopurrfied Tetanus Toxo.d: Influence of Liposomal Characteristics". Immunology, 
61 ?23-234 (1937) and; Gr*gonadis. G. et al., "Liposomes as Immunological Adjuvants: Antigen Incorporation 
3-udi^r Vaccine 5145-151 (1987) report DMPC/cholesterol liposomes (1:1) and antigen as giving minimally 5 
'moroved [over 'free antigen) immunological response in smail unilamellar vesicles of a distinct 
zi-hyaration/rehydration type with tetanus toxoid as the antigen, a strong tmmunogen. In the Davis and in the 
Gregoriadis papers, the liposomal immunogenic response was only minimally distinguishable from the 
response of free antigen. To distinguish the liposomal from .free antigen response it was necessary for the 
-uthors to dilute the tetanus toxoid to minimal response amounts. The present invention adopts conditions of W 
DMPC/cholesterol liposomes that yield a therapeutically effective immunological response. 

Other substances such as immunomodulators (e.g., cytokines such as the interleukins) may be combined in 

adjuvants/vaccines as well. 

Humoral immune response may be measured by many well known methods. Single Radial Immunodifussion 
Assay (SRIDJ, Enzyme Immunoassay (EIA) and Hemagglutination Inhibition Assay (HAI) are but a few of the 15 
commonly used assays of humoral immune response. 

SRID utilizes a layer of a gel such as agarose containing the immunogen being tested. A well is cut in ;ne gel 
and the serum being tested is placed in the well. Diffusion of the antibody out into the gel leads to the 
formation of a precipitation ring whose area is proportional to the concentration of the antibody in the serum 

bS EIA known as ELISA (Enzyme Linked Immunoassay), is used to determine total antibodies in a sample. 
The antigen is adsorbed to the surface of a microtiter plate. The test serum is exposed to the plate followed by 
an enzyme linked immunogloublin, such as IgG. The enzyme activity adherent to the plate is quantified by any 
convenient means such as spectrophotometry and is proportional to the concentration of antibody ducted 
aqainst the antigen present in the test sample. 

HAI utilizes the capability of an antigen such as viral proteins to agglutinate chicken red blood cells or the 
like) The assay detects neutralizing antibodies, i.e. those antibodies able to inhibit hemagglutination. Dilutions 
of the test serum are incubated with a standard concentration of antigen, followed by the addition o the red 
blood cells. The presence of neutralizing antibodies wilt inhibit the agglutination of the red blood cells by the 

^Tests' to measure alergic and cellular immune response include determination of delayed-type 
hypersensitivity or measuring the proliferative response of lymphocytes to target antigen. 

Liposomes are completely closed lipid bilayer membranes containing an entrapped aqueous volume. 
Liposomes may be unilamellar vesicles (possessing a single bilayer membrane ) or multilamellar vesicles 
(onion-iike structures characterized by multiple membrane bilayers, each separated from he next by an 35 
aqueous layer). The bilayer is composed of two lipid monolayers having a hydrophobic tail region and a 
hydrophillc "head" region. The structure of the membrane bilayer is such that the hydrophobic (nonpolar 
•tails" of the lipid monolayers orient toward the center of the bilayer while the hydroph.lic head orient 

of Bangham. et al. ( J. Mol. Biol ., 1965 12:238-252, ^.ves suspending 40 
phospholipids in an organic solvent which is then evaporated to dryness leaving a phospholipid f lm on the 
reaction vessel. Next, and appropriate amount of aqueous phase is added, the mixture is allowed to swell, 
and the resulting liposomes which consist of multilamellar vesicles (MLVs) are dispersed by mechanical 
means This technique provides the basis for the development of the small somcated un. ameiiar ves.c es 
™™*rity P*^\o?ou\os et al. ( Biochim. Biophys. Acta ., 1968, 135:624-638), and large unilamellar 
vesicles. Small unilamellar vesicles have a diameter of about 100nm or less .... . Cu ... et a| 

Unilamellar vesicles may be produced using an extrusion apparatus by a method described in Cu lis i et al 
PCT Application No. WO 87/00238, published January 16, 1986. entitled "Extrusion Technique for Peeing 
UnilameUar Vesicles" incorporated herein by reference. Vesicles made by this technique, called LUVETS ^ a e 
extruded under pressure once or a number of times through a membrane filter. LUVETs w.ll be understood to 
be included in the term "unilamellar vesicle". i .* . t „^ n ^. 

Another class of multilamellar liposomes are those characterized as having 8U ?f^^^J?"^ 
solute distribution. This class of liposomes is denominated as stable plurilamellar vesicles (SPLV) as Refined n 
U S Patent No. 4 522,803 to Lenk, et al. ( monophasic vesicles as described in U.S. Patent No. 4,588,578 to 
Fountain, et al. and frozen and thawed multilamellar vesicles (FATMLV) wherein the vesicles are exposed^at 5. 
least one freeze and thaw cycle; this procedure is described in Bally at al., PCT P^*™ . No - | 7/ ^J 
January 15, 1987, entitled -Multilamellar Liposomes Having Improved Trapping Efficiencies ; U S. Patent 
No 4 721 612 to Janoff et al. describes steroidal liposomes for a variety of uses. The teachings of these 
k references as to preparation and use of liposomes are incorporated herein by reference. 
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In one aspect this invention inciudes an influenza immunizing dosage form comprising a liposome and an 
antigen of Influenza wherein said liposome and antigen are present in an immunization dose. In a particular 
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embodiment the antigen comprises the hemagglutinin fragment or the bromelain fragment. In an additional 
embodiment the liposome comprises a salt form of an organic acid derivative of a sterol. In a given dosage 
form the antigen is entrapped in the liposome, preferably a multilamellar vesicle, and further preferably at least 
about 1 micron in diameter. A particularly useful liposome comprises a trie (hydroxy methyl) ammome thane salt 
5 form of an organic acid derivatives of a sterol. Another particularly useful liposome comprises 
DMPC/cho~lestero( with particular reference to a mole ratio of from about 80 to about 20 DMPC to from about 
20 to about 80 cholesterol, and more particularly wherein said ratio is from about 40:60 to about 60:40 and 
further wherein said liposome is a multilamellar vesicle such as one of substantially equal lamellar solute 

W ^m^e^oa^udes a dosage form comprising a salt form of an organic acid derivative of a sterol and an 
antigen wherein said organic acid derivative of a sterol and an antigen are present in an immunization dose in 
one embodiment the dosage form is a liposome such as a multilamellar vesicle, particularly those multilamellar 
vesicles at least about 1 micron in diameter. In some embodiments the antigen is entrapped in the liposome. 
In particular embodiments the dosage form includes the salt form of an organic acid derivative of a sterol is a 
15 tris (hydroxymethyl) aminomethane. In other embodiments the salt form is a carboxylic acid derivative of a 
sterol (such as an aliphatic carboxylic acid, particularly those up to five carbon atoms), a salt form of a 
dicarboxylic acid derivative of a sterol (such as an aliphatic dicarboxylic acid, particularly those up to seven 
carbon atoms), an hydroxy acid derivative of a sterol (such as citric acid), an amino acid derivative of * sterol or 
a salt form of a polyamino acid derivative of a sterol, or a salt form of a pofycarboxylic acid derivative of a sterol. 
20 in one embodiment of the dosage form the aliphatic dicarboxylic acid is succinate. 

In specific embodiments of the dosage form of this invention the immunogen is selected from the group 
comprising proteins, peptides, polysaccharides, nucleic acids, lipids, glycolipids, lipoproteins, ^polysac- 
charides, synthetic peptides or bacterial fractions, viral fractions, protozal fractions, t.ssue fractions, or cellular 
fractions. Specific antigens are influenza fractions such as hemagglutinin, parainfluenza 3 (fusion and 
25 hemagglutinin-neuraminidase), malaria sporozoite fractions, hepatitis (A. B, and non-A/non-B) fractions, 
'meningococcus fractions, HIV fractions (all strains), and melanoma fractions. rutftkinA ltka 

The dosage form of the invention may further include an immunomodulator such as cytokine (e.g.. 
interferons, thrombocyte derived factors, monokines and lymphokines such as IL2). irWl a 

Another aspect of this invention is a method of potentiating an immune response m an animal, including a 
30 human, comprising the step of administering to such animal an immunization dose f * c ™£**™ 
comprising an organic acid derivative of a sterol and an antigen. In one embodiment he method for 
potentiating the immune response includes using a dose which is a liposome such as a multilame lar vesicle 
particularly those multilamellar vesicles at least about 1 micron in diameter. In some embodiments the antigen 
is entrapped in the liposome. ^ ; n .i,,^c th fl e a it 

35 In particufar embodiments the method of potentiating immune response uses a do » 

form of an organic acid derivative of a sterol being a tris (hydroxymethyl) am.nomethane. in other 
embodiments the salt form is a carboxylic acid derivative of a sterol 

particularly those up to five carbon atoms), a salt form of a dicarboxylic acid derivative of a ^sterol (such as an 
aliphatic dicarboxylic acid, particularly those up to seven carbon atoms), an hydroxy acid derivative of**** 
(such as citric acid), an amino acid derivative of a sterol or a salt form of a polyam.no ac.d derivative of a sterol, 
or a salt form of a poiycarboxylic acid derivative of a sterol. K , w~ i« 

In one embodiment of the method of potentiating an immune response the aliphatic dicarboxylic acid is 

In specific embodiments of the method of potentiating an immune response of this invention the antiger , is 
selected from the group comprising proteins, peptides, polysaccharides, nucleic acids, lipids, glycol pids, 
HpoWo^ syTitietic peptides or bacterial fractions, viral fractions, protozal fractions. 

tissue fractions, or cellular fractions. , ,, fl M . _ an 

The method of potentiating an immune response of the invention may further include using an 

immunomodulator such as a cytokine. . nima . 

Another embodiment of the invention comprises a method of potent.at.ng an immune response m an animal 
including a human, comprising the use of an adjuvant wherein the adjuvant comprises a salt form of an organ.c 

a °!n ^^^^>^^^ the method of potentiating immune response by use of an adjuvant uses a dose 
that includes the salt form of an organic acid derivative of a sterol being a tris ^^^^^^ 
or a sodium salt. In other embodiments the salt form is a carboxylic ac.d derivative ^ h a ^ e r ^ , ^ i ! m ^ 
aliphatic carboxylic acid, particularly those up to five carbon atoms) . a salt form of a dlc "^^"^r^ 
of a sterol (such as an aliphatic dicarboxylic acid, particularly those up to seven carbon ™ 
acid derivative of a sterol (such as citric acid), an amino acid derivative of a sterol or a salt form of a poiyam.no 
acid derivative of a sterol, or a salt form of a poiycarboxylic acid derivative of a steroi - 

In one embodiment of the method of potentiating an immune response the al.phatic d.carboxylic ac.d is 

SU T^isTnvention yet further comprises a method of priming an immune response in an animal, - JncluoMng a 
human, comprising the step of administering to the animal a priming .mmunizat ion of a com posiUon 
comprising an a liposome adjuvant - any type of liposome - and particu arly a po«m^ iicrns an o^arac 
acid derivative of a sterol and an adjuvant-obligatory immunogen such that administration of a booster dose of 
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. li^rnrv .mmunoaen abssr.t adjuvant further potentiates immune response. The method of priming 
aduvant-ooligatory !mm ^ n °3« n f°' 8 " *T cula , orTlb odim e nt. uses a salt form of an organic acd derivative of a 
a„ : rn m uner«pon^n^^^^ aminom.tnane or sodium sal. form of an organic acid 

^ZZ^^p^^^^^ would no ' generate an ,mmune response 30 an 

adjuvant is particularly included in this emoodi.ment . an|mal tne liposome is salt form is 

n other embodiments of the method or pnming an '""^ ' "^! e a ^ a ^^ y th o Se up to five carbon 
acarbdxylic acid derivative of a sterol (sue h - ^ W ca.ooxy he a ^ papula y ^ ^ ^ 
atoms), a salt form of a dicarooxylic aod dejv ve of « of ster0| (sucn as citnc acid) , an 

particularly those up to seven carbon ^^oWno ^^ative of a sterol, or a salt form of a 

amino acid derivative of a st.ro or a . s*l » ^ ™™° s Toc multilamellar liposomes, especially 

ooiycarboxylic acid derivative of a sterol. In Mditionaj-Lv up™ . . |ses phosphatidylcholine, 

these of about 1 miercn or more are used as asjposo^ "^.^ J the metnod of 

fX^^Xp cAdministering to said animal at leas, one 
booster dose of adjuvant-obligatory immunogen absent ad ' u ^ m on an animal . inoluding , human. 

An additional aspect of th.s invent.or ' ZapeSy^< ive immunization course at least 
comprising the step of uch an mala ^^f^ comprising „ antigen and an 

one element of which is administering an immunization oo ^ sitjon {urtner comprises a liposome 

organic acid derivative of a sterol ^^^^^^"'HSipped in the liposome as well as 
(including multilamellar vesic.es) anc I prefers b le whe ™ ™™0™ od co P mposition furt her can comprise 
liposomes at least about 1 m.cron ,,n d'ame'sr derivative of a sterol, or a salt form of a 
a tris (hydroxymethyl) am.nomethane salt form o an ' £ 9 _^'° „ (optionally up to 5 carbon atoms), a 
carboxylic acid derivative of a sterol ^ m ^^^^ W J^^^tl^o acid optionally up to 
salt form of a dioarboxylic acd der oT ero ^ ^ ^^ derivative ofa sterol. In particular 

^n, a o°; d i n c,udes a dosage for. , « 'J^^^^^SZ 
comprising DMPC/cholesterol in , an ™™^ m ^« m ^ ^onTc? the dosage form comprises a 
adjuvants such as "f^^^g^^^ 20 to about 80 cholesterol, and particularly 
mole ratio of from about 80 ° ^ f ™^ d preferably 70:30. In specific embodiments the dosage 
r^ST^S^ f o^uSL 0 d^ion (SP^V) and/or at least 1 micron in diameter and 
particularly a 70:30 mole ratio OMPC/cholast erol f™- comprising proteins, 

,n particular embodiments of the dosage ^^^^^^iL. synthetic peptides or 
peptides, ^™*? d **-* a ™£ Jo^form may ^mpr^ anlmmunomodula.or including a cytokine, 
lipopoty saccharides. Furthermore the dosage ra m \ U *J * . . carrier Another aspect of this invention 
Additionally the dosage form may * a numan. comprising the step of 

includes a method of pot.nUt.ng an '"l^^^^p^ton comprising an antigen and a multilamellar 
administering to such Vp^T?^ including Aluminum adjuvants such as 

liposome comprising DMPC/cholesterol, anc opt onai * comprise a mole ratio of from about 80 to 

aluminum hydroxide gel. In one embodiment n»th<*dt£ ''P 050 ^^ wherein the ratio is from about 30:70 
about 20 DMPC to from about 20 to about 80 « h ^»^' ^ ^".J&i.. liposome is of equal solute 

m^r^a^etr and P ar?icu,ar,y a 70:30 mole ratio 

°7n P ^~mbSnts o, the method the ^^^'^^^^ 
peptides, polysaccharides, bacterial fractions, v,ra. h**on* protozi fractrc > . V imrnunomo dulator 
npopolysaccharides. Furthermore in employmg the method I the dc a se 7% =°3 maceutical carrier . 
including a cytokine. Additionally the dosage ^J^^^J^^^ m - mmM ^\iy^^ 
Additionally included in this invention m ■* method of Pf' 6 "™^ corn prises a liposome comprising 
a human comprising the °' *" * d ^ n ^ 

diameter and particularly a 70:30 DMPC/cholestero SPLV. comprising prote.ns. 

In particular embodiments of the method the antigen ,s ^elected from me g synthetic peptides or 
peptides, polysaccharides, bacterial fractions, v-ra. fractions^ protoz* irnrnun omodulator 
lipooolysaccharides. Furthermore in employing the method he do se may carrjer 
including a cytokine. Additionally the dose f °™ ™* =^ 
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that administration of a booster dose of adjuvant-obligatory immunogen absent adjuvant further potentiates 
immune response. The method of priming, in specific instances includes the liposome being i an SPLV 
multilamellar vesicle and/or the liposome being at least about 1 micron in diameter, and preferably about 70 .30 
DMPC/cholesterol. Specific immunogens of the dosage form ana the methods are influenza fractions such as 

5 hemagglutinin, parainfluenza 3 (fusion and hemagglutinin-neuraminidase), malaria sporozoite fractions, 
hepatrtfs (A, B. and non-A/non-B) fraction, meningococcus fractions. HIV fractions (all strains) and melanoma 
fractions. The invention in a further embodiment comprises a method of conferring immunity on an animal, 
including a human, comprising the step of administering to such animal a (nsra P eu * ,c ^ m 9 " e °^ 
immunization course at least one element of which is administering an immunization dose of a composition 

10 comprising an antigen and a multilamellar liposome comprising DMPC/cholesterol. In one aspect oi ^ the 
method the composition further comprises aluminum adjuvant such as aluminum hydroxide gel. I ith.s method 
a particular liposome comprises a mole ratio of from about 80 to about 20 DMPC to from about 20 to abou 80 
cholesterol, preferably from about 70:30 to about 30:70 and most preferably about 70:30 particularly wherein 
the liposome is of equal solute distribution (e.g.,SPLV) and including the liposome being at least about 1 

15 mi = ro ^ n d ^ etSr ; method of conferr)ng immunity on an animal ihe antigen can be selected from the 
group comprising proteins, peptides, polysaccharides, bacterial fractions viral fractions, pro oza fractions 
synthetic peptides or lipopolysaccharides. The method can further compns.ng an immunomodulator such as a 
cytokine. The method can further comprise a suitable pharmaceutical carrier. „„ mnr ,« in „ 
in a further aspect this invention includes a dosage form comprising an antigen and a hposome compr s ng 
DMPC cholesterol 70:30 +/-5 (mole) in an immunization dose. The dosage form can further include aluminum 
adTvant such as aluminum hydroxide ge.. In some embodiments the is a mu ' ti,ame ^2P° so a m , e ea ^ a 0 S u ^ 
SPLV preferably of at least about 1 micron in diameter or a unilamellar liposome preferab y at leas at out 1 
micron in diameter. In embodiments of this dosage form including unilamellar liposomes the munqw i .» 
selected from the group comprising proteins, peptides, polysaccharides, bactenal fractions ^1 'ractions 
protozal fractions, synthetic peptides or lipopolysaccharides and further an immunomodulator such as 
cytokine and a suitable pharmaceutical carrier. „„:„„■ 
in an additional aspect the invention includes a method of potentiating an immune response in an animal 
including a human, comprising the step of administering to such ^ima an "If^" 
compos' ion comprising an immunogen and a liposome comprising DMPC/ch oles eroi ™0 + /-5 (mole . The 
composition of the method can further comprise aluminum adjuvant such as ^.™"*£, L £2 

liposomes of the method include multilamellar liposomes such as SPLVs and unilamellar l'P°s° m es. *f 
preferably wherein the liposomes are at least about 1 micron in diameter. In embodiments o ^'L D !id ° 
including 7 unilamellar liposomes the antigen is selected from the group f*^^^"^,!^: 
polysaccharides, bacterial fractions, viral fractions, protozal fractions, synthetic peptides or I popolysac 
charides and further an immunomodulator such as cytokine and a suitable pharmaceutical earner. 

In a further aspect the invention includes a method of potentiating an immune response in an animal 
including as human comprising the use of an adjuvant wherein the adjuvant ^^^^^^SZ 
DMPC/cholesterol 70:30 +/-5 (mole). The method can further comprise * minum 

hydroxide gel. The liposomes of the method include mutilamellar liposomes such as SPLVs and unilamellar 
liposomes, and preferably wherein the liposomes are at least about 1 micron in ?'a™ter. 

Further entailed in this invention is a method of priming an immune response in i an an umal includ ing a 
human, comprising the step of administering to the animal a priming immunization dose of ^mpoMon 
comprising an adjuvant which is a liposome comprising DMPC/cholesterol 70.30 +/-S (mote) and an 
45 ad.'vant-o^.igatori immunogen such that administration of a booster dose of * d ^^^Z™uT a l 
absent adjuvant potentiates immune response. The method can further c °^ s n 8 *™ s ^ 
aluminium hydroxide gel. The liposomes of the method include multilamelar ''P°«f"£^" snd 
unilamellar liposomes, and preferably wherein the liposomes are at least about 1 ™™ 'V na T nU man 

Additionally this invention includes a method of conferring immunity on an 
comprising the step of administering to such animal a therapeufccally effective '^'^Jl^^l 
one element of which is administering an immunization dose of a composition co ™™^J"* nt ^ n f ™Z* 
liposome comprising DMPC/cholesterol 70:30 +/-5 (mole). The composition of the ^tho d can further 
comprise aluminum adjuvant such as aluminum hydroxide gel. The l'P°s°mes of the method ,nc ude 
mulWamellar liposomes such as SPLVs and unilamellar liposomes, and "^Tci tfrtjq*^. ar. M 
least about 1 micron in diameter. In embodiments of this method including ^'lamellar Upos omes he *W * 
selected from the group comprising proteins, peptides, polysaccharides bactenal jettons viral 
protozal fractions, synthetic peptides or lipopolysaccharides and further an immunomodulator such as 
cytokine and a suitable pharmaceutical carrier. 
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Detailed Description of the Invention 



It has now been discovered that such adjuvants of this invention compnse an influenza '^^^^ 
form comprising a liposome and an antigen of Influenza wherein sa,d liposome and ^"^"^'^ 
immunization dose. Such antigens of Influenza are the hemagglutin.n fragment or the bromelain fragment. 
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;n addition it has now been discovered that salt forms of organic ac.d derivatives of sterols are particularly 
jc-Jl pharmaceutical adjuvants v and oarticularly in the rorm of liposomes and (ii) thai DMPC, cnolesterot 
■iooscmes (particularly multilamellar liooscmes) ^re paaicularly useful pharmacaut.cal adjuvants (such 
adiuvancs are advantageously used in aluminum hydroxide gels). Further crererred are DMPC/cholesteroi 
Usomes both multilamellar and unilamellar wherein the OMPC/cholesterci rat.o >s 70:30 -r / -o (mole) 

Parlous terms used to aefine concepts in immunology are orten loose* de'ineo or otherwise misused. 
c 0 r clarity, in the discussion cf *.s invention the following definitions will oe Lsed: 

" -Antigen- shall mean a substance or material that is recognized specifically oy antibody and/or comb.nes 

W,t -Ad!uwt- sha^i mean a substance or material to potentiate an immune response when used in conjunction 
with an antigen Adjuvants ara further used to elicit immune response sooner, or a greater response, or with 
Tels antigen Immunogen-oollgatory adjuvant refers to an antigen which alone .s not immunogenic but 

be S^ or material (including antigens) that is able to induce an immune 

response alone or in conjunction with an adjuvant. Both natural and synthetic substances may be 
immunogens. An immunogen will generally be a protein, peptide, polysacchar.de, nucleoprotein, ''PcP~te.n 
synthetic polypeptide, or hapten linked to a protein, peptide, polysaccharide, nucleoprotein poprote.n or 
syn he ic polypeptide or other bacterial, viral or protozaJ fractions. It will be understood that immunogen 
fncTudes substances which do not generate an immune response (or generate a only ffierap^ 
ineffective immune response) unless associated with an adjuvant (e.g., small peptides) which will be referred 
to as "adjuvant-obligatory'* immunogens. frt ^ tl ^ rt ~ r 

"Immune response" shall mean a specific response of the immune system of an animal to ant.gen or 
immunogen. Immune response may include the production of antibodies. amrtMnt anr4 * ind 

immunization conditions" shall mean factors which affect an immune response .ncludmg amount and Kind 
of immunogen or adjuvant delivered to a subject animal including a human, method of delivery, number of 
inoculations, interval of inoculations, the type of subject animal and its condition. 

■Vaccine" shall mean a pharmaceutical formulation able to induce immunity. 

"Immunity" shall mean a state of resistance of an subject animal including a human to a infecting (organism 
or substance It will be understood that infecting organism or substance is defined broadly and includes 
7j£*r£*cw*l£nc*s t cancers and cells as well as bacteria and viruses. A Therapeutically Effectn/e 
SKol will produce the immune response such as that exhibited by production of specific 
antibodies and/or reactivity of immune cells to antigen. 

Tmmuni/atron dose" shall mean the amount of antigen or immunogen needed to precipitate an immune 
response TOs amount will vary with the presence and effectiveness of various ad.uvants. This ; amount w.ll vary 
™th the animal and Immunogen or antigen or adjuvant but will generally be between about O.lug/ml or less o 
about 500ug per inoculation The immunization dose is easily determined by methods we,, known to those 
skiHed in the art such as by conducting statistically valid host animal immun,zat,on and challenge stud.es See, 
fo examl Manua l of Clinical Immunology . H.R. Rose and H. Friedman. American Soctety for Microbiology, 
WashS O C (1980). In some mstance s several immunization doses including booster doses will be 
a^mSed to . provide immunity, which collectively will be termed -Therapeutically Effective Immunization 

C ° Priming" shall mean the stimulation of a primary (as opposed to a secondary or later) response by an animal 
to an Tntigen. The primary response is characterized by the manufacture by the an.mal of antibody to the 
antigen and ideally by the generation of a population of B-lymphocytes and T-lymphocytes that respond to 
seconda^ or later immunogenic challenge - even absent adjuvant -with a rapid and substantive production 
of tn«bodies Based upon such response 1. 2. 3 or more booster doses of immunogen, absent adjuvant, will 
oenerate a therapeutically effective immune response to the antigen. ^, r „^ 
TnTarticular embodiments of this invention the liposomes will have a net charge or be neutral. Charged and 
particularly negatively charged liposomes may display superior adiuvancy to neu ra l.pos ornes. 

A preferred class of lipids for forming liposomes are those of cholesterol hemisuccinate ( CHS ), such as 
those with Sodium J-ChL-'J-OT tri S (hydroxymethy.) aminomethane ("CHS,*,") as the counter ,on, which are 

9e ™owS derivative of a sterol may be used in the practice of the invention. General-Y any 
stero whteh ca^be modified by the attachment of an organic acid may be used in the practice of 'the present 
invention For example, such sterols include but are not totted to cholesterol . vitam.n D, phytoste rola 
mclud°na but not limited to sitosterol, campesterol, stigmasterol, and the like) . stero.d hormones and the like, 
''"organs acids wnlch can be used to derivatlze the sterols include but are not ^^^^^ 
dicarboxyllc acids, polycarboxylic acids, hydroxy acids, amino acids and polyam.no acids Because the sal 
'SL. the waTer solubility of organic acids, any organic acid may be used to de ^•^•"^J 
however an advantage may be obtained if the organ.c ac.d moiety itself » water soluble^ Such , water soluble 
organic acid moieties include but are not limited to water-soluble aliphatic carboxylio_ ^ SU J* ace 
Propionic, butyric, valeric acids and the like (N.B., up to four-carbon acids are misc ble wiU, wat er the 
Hve carbon free aoid is partly soluble and the longer chain free acids ^b'"^ 
aliphatic dicarboxyllc acids such as malonic. succinic glutaric. adip.c. p.melic, maleic and the like (N B., me 
shorter chains are appreciable more soluble in water; borderline solubility ,n water occurs at Cs to C) , and 
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25 



water-insoluble aromatic dicarboxylic acids such as hemimellitic, tnmesic succmimide and the Mw. 
no^bowlic acids water-soluble hydroxy acids such as glycolic. lactic, mandelic, glycenc malic, tartaric 
citric ^nd^he like (N.B., alpha-hydrox^ adds containing a branched chain attached to the alpha-carbon of he 
carbonTgroup would be less suscepUb.e to hydrolysis and. therefore advantageous in the practice o Mh. 
oresent invention); and any of the amino acids and polyammo acids. The organic ac d can be linked I te .an 
hvdroxyl grfup of the sterol via an ester or an ether bend using conventional methecs (see for example 
Paf NcV3 859 047- 4 040.784; 4.042.33O; 4.183.847; and 4.189.400). The salt forms or the derived sterols 

Ths forms liposomes when added to an aqueous material. This can conveniently be preformed at 20 -25 C 
(ro^»r^ 

cholesterol hemisuccinate ("CHS"), such as those with sod.um { CHS 50d «um ) or tns( hydroxy me my , 

containing aluminum hydroxide, commonly immunogen in aqueous buffer is added to the preformed get. buc 
vaccines are referred to as being aluminum-adsorbed_ pre f e rred but any other type of 

DMPC/cholesterol multilamellar liposomes of the SPLV process are ? reFe ^ ° ul ^JL^ in a round 

"Suitable aqueous material for either sterol or DMPC/cholesterol liposomes is saline solution, phosphate 
buffer or other well known aqueous pharmaceutical diluents. am . n . an(iaen or irnmun ogen. This 

55 <h ThTadjuvant effect of the instant invention is seen from the results in Tables 1 l^J^OMPclZT^ 
and Tables 4, 5, and 6 as to DMPC/cholesterol liposomes and Table 7 as to both =te ol 
Uposbmes. Table 1A compares the antibody response in guinea p.gs ^mumzed 

with the steroidal adjuvant. . Kmmoinin fraament of HA (HAB) 

Table 18 shows the antibody response in guinea p.gs immunized with the b~™^ n ^J™ °' 1 of an 
in various formulations. HAB is generally non-immunogen.c when administered aJone and is exemplary 
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^iuvant-obligatoryimmunogen.Use^ 

generate a weak immune response ™».£^*££^°^^ZZt of fhi! invention, her. in the 
of thisinvention. However, when H is administered in a ^*°^ a ' ° . w ted upon application ot a second 
form of a CHS,„ liposome a substantial immune rwponsj **W **n* 

inoculation of HAB. here in solution. It is an important aspect of « n ' s '"^« on netted later booster doses to 
with an immunogenic dose of adiuvan obligatory . ™°9f" ™* ^ bu , were merely adjuvant-obligator, 
be highly effective wherein such boos er doses c ^^^^ a invsn L, ! permits booster 

T^SEZ^^ a pnn4 adiuvani ' not iust steroida ' 

liposomes, for use with adjuvant-obligatory '™"""^» n entrapped in an adjuvant liposome 

Table 3 discloses that superior results are obtonedwherr ^"9^ 8 8 ™Ti S particularly true when the 
of the present invention and not merely ^X^^T*^**^~ that entrapment is a 
priming response is cons.dered. 3 « Mn|u^n^^ 

S^^OT^n^r'^Krnot alter ^adjuvant effect provided by CHS 

'^/compares the antibody response in guinea ^^^^^^^^ 
B/Ann Arbor hemagglutinin ^^^^^^ ^^ ^^^ ^ M ^ ^ 
poorly immunogenic when adm, "' s ' e ^° „AB is entrapped within DMPC/cholesterol SPLV's at vanous mole 

immunogenicity is greatly r^^^^^Q^^dJ^Bd by EIA are increased up to 5000 fold and 
ratios and lipid concentrat.onsJotalanti-HAIgG^ y {oid g weeks when HAB is 

protective neutralizing antibodies date ^ d b V H *' »™ ' ncreasea P ati respsctive | y . Increasing the lipid 
administered in DMPC/cholesterol SfUVs a^.70Md^»moto ra tics P » forrmJ lations. 
concentration also increases the ad,uvarit effec _as ^J^SSSi^ sSv". (70:30 mole ratio) on Influenza 
Table 5 demonstrates the ad,uvan t e ffect of 0 MPCA chotast ^ er ^^ ' immunogenatSugdose but 

seen in Table 6 (Experiment 1) adm.nis ration ^^^Z fold gre ater and an HAI (neutralizing) 
concentration) generates a strong anti-HA IgG "P°nse up to conceritration to 500 mg increases 

antibody titer 10 fold greater than HAB ^^^"^^^ Wh" the same f°«™ lati ° ns are 

the adjuvant effect even more (500 fold and » ^~^» ncrMMd up to 3 times greater. The 
administered with aluminum hydroxide gel eyen these mer a Experiment II). 

effect of liposomes. „,„„ortinr,s well known to those skilled in the art. Commercial 

Aluminum adjuvants are used .n forms ^.W^^^,,,, toxoids range from about 0.2 to 
preparations of aluminum ^^^^^^^Lm vaccines with as much as 15 mg or 
about 1mg of aluminum/ml. The safe upper range is ,ar nig.* e veterinarv applications, 

more of aluminum hydroxide per dose ^ ^n" h no ^^^0^- ^11^ understood to mean any 
Vaccines are conveniently admimstered ,n a ido^ag. ' u t££neou3. oral, intramuscular, and ocular 

' pharmaceutical form of adm.nistenng a vaccine a "f Q *"« f ub f ^ wltn adiuvan ts and 

administration and utilizing vaccines in live atten £' ed 0 ° m r b S ^ elements are prepared so 

l^SSX^^ ^ ™* inc,uding a human as 

easily and effectively as poss.bte- resulting from the method of the present ivention can 
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nvention can be administered alone but will generally be administered ,n admixtu n w* , a ph«nu«utt«rt 
carri-r sel-cted with regard to the intended route of administration and standard pharmaceutical P^ctice-The 
dosace iorns may be injected parenteral*, for example, intra-muscularly or suocutaneously. The dosage 
forms 3 ma^ ajso be administered' via the oral route. For parenteral /l^ple enough sZ 
example, in the form of a sterile aqueous solution which may contain other s *^J°'°™»*l^ n of tne 
or glucose to make the solution isotonic. Other uses, depending upon the particular properties 
15 preparation, may be envisioned by those skilled in the art . t responding to 

cases, however, it may be necessary to administer dosages outs.de these l.m.ts. 
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EXAMPLE 1 



Preparation of Adjuvant Liposomes with Antigen 
35 4.0ml in buffer and sealed in an amber vial under nitrogen. 



EXAMPLE 2 



40 



45 



50 



55 



60 



65 



Preparation of Adjuvant Liposomes with Antigen 
Alto, CA)). The final pellet was brought to 4.0ml in buffer and sealed in an amoer via. 



EXAMPLE 3 



Preparation of Adjuvant Liposomes with Antigen 

SOOmg of CHS„, (powdered, were placed Into a 15ml ^ N ^.^^^,^ 
buffer was added (673u g HAB ^^^.^^^ZX^^^^ 3 «™ S in ^ °' 

The final pellet was brought to 4 0ml in buffer and sealed in an amber v.al under nitrogen. 



EXAMPLE 4 
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Preparation of Adjuvant Liposomes with Antigen 

Wmn nf CHS , ( nowdered) were placed into a 1 5ml test tube. 2ml of bromelain fragment of HA in aqueous 5 
500mg of CHS™ ^P^^™ 1 * q 9<VoNaCI) The mixture was intermittently vortexed over a 2 hour penod at 
^?cT/ ^c^e^iXoloZslrB washed 3 times in 10ml of 0.9o/oNaCl solution being separated 
fac'h Si 5 15 Minutes of ^&on (10,000rprn. J-20 rotor). The finai pellet was brought to 4.0ml ,„ buffer 
and sealed in an amber vial under nitrogen. JQ 



EXAMPLE 5 



Preparation of Adjuvant Liposomes with Antigen 



EXAMPLE 6 



EXAMPLE 7 



Adjuvancy Exhibited 



with a rubber stopper and crimp seal. , B „ rkhera ^ Animals Landis Store. PA) were injected 

Five 4SO-500g male Hartley gu.nea pigs ( Bu °** er 9 VeeHAB In the right hind leg (5 ug). 

intramuscularly with 0.5 ml of the liposome f^^^^^^^r and approximately 4 ml of 
At 4 weeks post immunization, the gu.nea p.gs were ^^^ t f 0 ^' &ture overnight. The blood 
blood was drawn by cardiac puncture ^The blood ^ ^ ^ =1?* a ^^ e T The day after bleeding, the 

gufneap!^ ^^=^0.5 " *° " ™ * 

Tod was collect in th< . same manner to /^^^^'S^rn. .mmunoassay (E,A, and 
ner^iblirw^d" (HAI). The results are shown in 



Tables 1, 2 and 3 

EXAMPLE 8 
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Preparation of Adjuvant Liposomes with Antigen ^ 

4 rue fnnwdered^ were placed into a 15ml test tube. 1ml of bromelain fragment of HA in 
500mg ° f ^^^HH^Sa^AB 001M phosphate buffered saline in 0.90/oNaCl) The mixture was 
aqueous buffer was added ( |73ug HAB 0.0 I M pnosp tipos0 mes were washed 3 times 



Preparation of Adjuvant Liposomes with Antigen 
,00mg of cholesterol and 400mg of DMPC were placed into a 300m. round bottom flask and suspended in 
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3ml chloroform and dried to a film by rotoevaporation. 20ml of anhydrous ether was added to the flask followed 
by 1.5ml of HA in aqueous buffer was added (915ug HA, 0.01 M phosphate buffered saline in 0.9<VoNaCI) — 
■aqueous buffer"). The mixture was covered loosely with foil and sonicated in a 40° C water bath while 
concurrently evaporating the ether with a gentle stream of nitrogen gas. The resultant lipid oaste was 
thoroughly dried under nitrogen until no trace of ether was noted by smell. 10 mi of buffer was added to the 
flask and the liposome suspension was transferred to a 15ml test tube. The resultant liposomes were washed 3 
times in 10ml of aqueous buffer being separated each time by 10 minutes of centrifugation (10,000rpm, J-20 
rotor (Beckman, PaJo Alto, CA)). The final pellet was brought to 6.0ml in buffer and sealed in an amber vial 
under nitrogen. 

EXAMPLE 9 



Preparation of Adjuvant Liposomes with Antigen 



100mg of cholesterol and 400mg of DMPC were placed into a 500ml round bottom flask and suspended in 
3ml chloroform and dried to a film by rotoevaporation. 20ml of anhydrous ether was added to the flask followed 

20 by 1 .5ml of BHA in aqueous buffer was added {1 ,000ug HAB, 0.01 M phosphate buffered saline in 0.9%NaCI). 
The mixture was covered loosely with foil and sonicated in a 40° C water bath while concurrently evaporating 
the ether with a gentle stream of nitrogen gas. The resultant lipid paste was thoroughly dried under nitrogen 
until no trace of ether was noted by smell. 10 ml of aqueous buffer was added to the flask and the liposome 
suspension was transferred to a 15ml test tube. The resultant liposomes were washed 3 times in 10ml of 

25 aqueous buffer solution being separated each time by 10 minutes of centrifugation (10,000rpm, J-20 rotor 
(Beckman, Palo Alto, CA)). The final pellet was brought to 6.0ml in buffer and sealed in an amber vial under 
nitrogen. 

30 EXAMPLE 10 



Preparation of Adjuvant Liposomes with Antigen 



92mg of cholesterol and 108mg of DMPC were placed into a 100ml round bottom flask and suspended in 3ml 
chloroform and dried to a film by rotoevaporation. 10ml of anhydrous ether was added to the flask followed by 
2.0ml of HAB in aqueous buffer was added (1,100ug HAB, 0.01 M phosphate buffered saline in 0.9°/oNaCI). The 
mixture was covered loosely with foil and sonicated in a 40° C water bath while concurrently evaporating the 
40 ether with a gentle stream of nitrogen gas. The resultant lipid paste was thoroughly dried under nitrogen until 
no trace of ether was noted by smell. 10 ml of buffer was added to the flask and the liposome suspension was 
transferred to a 15ml test tube. The resultant liposomes were washed 3 times in 10ml of aqueous buffer 
solution being separated each time by 10 minutes of centrifugation (10,000rpm, J-20 rotor (Beckman, Palo 
Alto, CA)-). The final pellet was brought to 6.0ml in buffer and sealed in an amber vial under nitrogen. 



EXAMPLE 11 



Preparation of Adjuvant Liposomes with Antigen 



40mg of cholesterol and 160mg of DMPC were placed into a 100ml round bottom flask and suspended in 3ml 
chloroform and dried to a film by rotoevaporation. 10ml of anhydrous ether was added to the flask followed by 

55 2.0ml of HAB in aqueous buffer was added (1,100ug HAB, 0.01 M phosphate buffered saline in 0.90/cNaCI). The 
mixture was covered loosely with foil and sonicated in a 40° C water bath while concurrently evaporating the 
ether with a gentle stream of nitrogen gas. The resultant lipid paste was thoroughly dried under nitrogen until 
no trace of ether was noted by smell. 10 ml of buffer was added to the flask and the liposome suspension was 
transferred to a 15ml test tube. The resultant liposomes were washed 3 times in 10ml of aqueous buffer 

so solution being separated each time by 10 minutes of centrifugation (10,000rpm, J-20 rotor (Beckman, Palo 
Alto, CA)). The final pellet was brought to 6.0ml in buffer and sealed in an amber vial under nitrogen. 
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Preoaraticn of Gel Admixed with Liposomes 

Aluminum hydroxide gel, 2>o (Alhydroce.®; Connaught Laboratories, Inc.. Swrftwater, PA) containing 
7 29mg/ml aluminum was usee in conjunction with 1.02ml of the liposomes of this invention prepared as >n 
Example 10 The lioosomes were admixed with 0.67ml aluminum hydroxide gel and o.31m! or saline. The f:nal 
aluminum concentration was 0.7mg/ml and the HAB concentration was 10ug/ml. The m.xture was sea»ed >n a 
glass vial with rubber stopper and crimp seal. 

EXAMPLE 13 



Example 14 



Melanoma Procedures 



Lioosomes containing ganglioside GD 3 (kindly provided by Dr. P Livingston, Sloan Kettering Institute for 
C^^U^^JylfKH^ York) were prepared at 10:1 and 100:1 (w/w) "P^fTW^^ 
using 10mg lipid to 1 mg GD 3 and 150mg lipid to 1 .5 mg GD 3 . Uposomes were prepared using e.ther CHS,* or 

Td?« Offered saline (PBS but without Ca~ or Mg ? at P H 7^ w a s 

enfr^DeS in either CHS^s lipid liposomes or DMPC/cholesterol (70:30 mole percent) .p.d l.posomes. 
^^O^lT^o^^ made by Method A (below) and DMPC/cholesterol/GDa SPLV l.posomes by 

"l^^^oU* 4 times with the liposomal antigen preparation and antibody level t«ted. An^ 
meianoma GDa was produced. It was noted however that other melanoma vaccine preparations ytelded higher 
antibody titers in mice than the instant preparation by the regimen desenbed herein. 

M9 1 t ^A uq f DOW dered> and 1 mg GDa (10:1 ratio) (wt/wt) in 50 ul PBS were placed in a test tube and 
hyd?a«o 9 noW^^ 

resusoended in 10 ml PBS with Ca~ or Mg- and centrifuged at 13,000 rpm for 30 m.nutes. two times. The final 
iposome pe^et was esuspended in 2.5 ml PBS. The liposome preparation was seaied in an amber v.ai under 
nitrogen until testing. An additional formulation at 100:1 llpid/antigen ratio was prepared as above, us.ng 150 
mg CHStm and 1.5 mg GD 3 in 300 ul PBS. 

^^cholesterol and 8 mg DMPC in 0.5 ml chloroform were dried , by . ro ^S^^ P %tl^ 
round-bottom flask, resolubilized in 2 ml anhydrous ether and m.xed w. h 1.5 mg GDa -n 60 £ The 
esultina mixture was sonicated at 40' C under a stream of N 2 to form a lipid paste which was further dried 
under K -ateriai was resuspended in 10 ml PBS and centred -lO^fl 0 — ^t^ree 
times. The final liposome pellet was brought to 2.28 ml and supplemented with Alhydrogel (0.7 mg Al/ml). An 
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Adjuvancy 

Uposomes containing HAB were prepared as in Example 9. Entrapment values were determined by SRID 
and the liposomes were diluted in saline to a concentration of 10 ug prote.n/ml and were sealed .n a glass v,al 
with a rubber stopper and crimp seal. 

Five «0-500g male Hartley guinea pigs (Buckberg Lab Animals. Land.s Store, PA) were ,n,ected 
intramuscularly with 0.5 ml of the liposome suspension or with 0.5 ml of the liposome suspension or w.th OS ml 
of free HAB in the riqht hind leg (5ug). At 4 weeks post immunization, the guinea pigs were lightly anesthetized 
wi "her aJTd a p— ely 4 ml of blood was drawn by cardiac puncture. 25 
room temperature overnight. The blood was centrifuged, and the serum was drawn off and sto ed at 4 i C untM 25 
tested. The day after bleeding, the guinea pigs were again injected ,.m. with 0.5 ml of free or IP£o™d HAS 
(5ug), this time in the left hind leg. Blood was collected in the same manner up to one year after the mitial 

Tor.'al'anti-HA IgG antibodies in the serum samples were determined by Enzyme Immunoassay (EIA) and 
neuSzIng antibodies were determined by Hemagglutination Inhibition Assay (HAI). The results are shown ,n 
Tables 4, 5 and 6. 
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additional formulation at 100:1 iipid/antigen ratio was prepared as above using 120 mg DMPC, 30 mg 
cholesterol, and 1.5 mg GD 3 in 0.45 ml PBS. 



Example 15 
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Additional Immune Response Studies 

To determine further the roie of the dose of both HA (split antigen) and lipid, a^^^ 11 ^ 0 "^ 
wi^lfposo^e formulations at 5 or 0.5 ug HA eaoh entrapped in various ™™~Jstto£2k either 
Two CHS^ formulations were prepared as described in Example 2 to g jjv. a dose o 'SO b r H^and e.ther 
a, 11 Tn^ui v rw^ m or 1 9 mq lipid as multtlamellae vesicles oc CHS (MLV, CHStrts. L). ine n ana 

Two DMPC/CHOL formulations were prepared as descnbed m ^^^» , ^^% 5 pl^SmpC/C. 
either 9 7 mg lipid of stable plurilamellar vesicles, dimynstoylphosphatidyloholine/cnoiesteroc ior 

or HA | wer e performed as described in Example 7 and Example 15. 
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Claims 

5 

I. An influenza immunizing dosage form comprising a liposome, optionally a multilamellar vesicle, and 
an immunogen of influenza wherein said liposome and immunogen are present in an immunization dose 
and optionally wherein the immunogen of Influenza comprises the hemagglutinin fragment or the 
bromelain fragment. 

jo 2. The dosage form of Claim 1 wherein said liposome comprises a salt form of an organic acid derivative 

of a sterol and optionally wherein the immunogen is entrapped in the liposome. 

3. The dosage form of Claims 1 or 2 wherein said liposome is at least about 1 micron in diameter. 

4. The dosage form of any of the foregoing claims wherein said liposome comprises a tris 
(hydroxymethyt) aminomethane salt form of an organic acid derivative of a sterol or DMPC/ cholesterol. 

15 5. The dosage form of Claim 4 wherein said liposome comprises a DMPC/cholesterol in a mole ratio of 

from about 80 to about 20 DMPC to from about 20 to about 80 cholesterol and optionally from about 40:60 
to about 60:40 and optionally wherein said liposome is an SPLV. 

6. A dosage form comprising a salt form of an organic acid derivative of a sterol optionally in a liposome 
and an immunogen wherein said organic acid derivative of a sterol and an immunogen are present in an 

20 immunization dose. 

7. The dosage form of Claim 6 wherein the immunogen is entrapped in the liposome optionally a 
multilamellar vesicle and optionally at least about 1 micron in diameter. 

8. The dosage form of Claims 6 or 7 wherein said sterol comprises a tris (hydroxymethyl) aminomethane 
sait form of an organic acid derivative of a sterol, or a carboxyltc acid derivative of a sterol, a salt form of a 

25 dicarboxylic acid derivative of a sterol, or a salt form of a polycarboxylic acid derivative of a sterol, 

optionally in which the aliphatic carboxylic acid, optionally up to five carbon atoms or which the 
dicarboxylic acid comprises an aliphatic dicarboxylic acid, optionally up to seven carbon atoms such as 
succinate. 

9. The dosage form of Claims 6 or 7 comprising a salt form of a dicarboxylic acid derivative of a sterol. 
30 io. The dosage form of Claims 6 or 7 wherein the immunogen is selected from the group comprising 

proteins, peptides, polysaccharides, nucleic acids, lipids, glycotipids, lipoproteins, lipopolysaccharides, 
synthetic peptides or bacterial, viral, protozal, tissue, or cellular fractions and optionally further 
comprising an immunomodulator such as a cytokine. 

I I . The method of manufacture of the composition of Claims 6 through 10 for the purpose of potentiating 
35 or priming an immune response in an animal by administering to such animal an immunization dose of said 

composition and optionally administing to said animal at least booster dose of adjuvant-obligatory 
immunogen absent adjuvant. 

12. A dosage form comprising an immunogen and a multilamellar liposome, optionally an SPLV, and 
optionally at least about 1 micron in diameter, comprising dimyristolyphosphatidylcholine (DMPC)/cho- 

40 lesterol in an immunization dose and optionally further comprising aluminum adjuvant, optionally 

aluminum hydroxide gel. 

13. The dosage form of Claim 12 wherein said liposome comprises a mole ratio of from about 80 to about 
20 DMPC to from about 20 to about 80 cholesterol and optionally from about 70:30 to about 30:70 and 
optionally about 70:30. . . 

45 14. The dosage form of Claims 12 or 13 wherein the immunogen is selected from the group comprising 

proteins, peptides, polysaccharides, bacterial fractions, viral fractions, protozaJ fractions, synthetic 
peptides or lipopolysaccharides. 

1 5. The dosage form of Claims 1 2 or 1 3 further comprising an immunomodulator such as a cytokine. 

16. The dosage form of Claims 12 or 13 further comprising a suitable pharmaceutical carrier, 

50 17. The method of manufacturing of the composition of claims 12 through 16 for the purpose of 

potentiating or priming an immune response in an animal by administration to such animal of an 
immunization dose of said composition and optionally administering to said animal at least booster dose 
of adjuvant-obligatory immunogen absent adjuvant 

18. The method of Claim 17 wherein said immunogen is selected from the group comprising proteins, 
55 peptides, polysaccharides, bacterial fractions, viral infections, protozal fractions, synthetic peptides or 

lipopolysaccharides and optionally comprising an immunomodulator such as a cytokine. 

19. A dosage form comprising an immunogen and a liposome, optionally a multilamellar liposome, such 
as an SPLV and optionally at least about 1 micron in diameter comprising DMPC/cholesterol 70:30 + /-5 
(mole) in an immunization dose and optionally comprising aluminum adjuvant such as aluminum 

60 hydroxide gel. . . 

20. The dosage form of Claim 19 wherein the immunogen is selected from the group compnsing 
proteins, peptides, polysaccharides, bacterial fractions, viral fractions, protozal fractions, synthetic 
peptides or lipopolysaccharides and optionally an immunomodulator such as a cytokine and optionally a 
suitable pharmaceutical carrier. 
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